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�/ 
��O.�Am �/ 
��O.�Bt �/ 
��O.�Bt

Comment   �#� O-+� �#� �#� O-+� O-+� �#� �#� O-+� O-+� �#�
No.  � � � C � � � � � �| �� �� ��

SiO2 �|�/�� |��/�� ��C/�� ���/�� ���/�� ���/�� ���/�� ���/�� �|�/�� ���/�� �C�/�� ���/�� ���/��
TiO2 |��/| |��/| ||�/| |��/| |��/| |��/| |��/| |��/| |C�/| |��/| ���/| ���/| |��/|
Al2O3 ���/�� ���/�� |��/�� �C�/�| �C�/�| ���/�| ���/�| ���/�| ���/�| ���/�| �|�/�| ��|/�| ���/�|
Cr2O3 |��/| |��/| |��/| |||/| ||�/| |||/| ||�/| ||�/| |||/| |||/| |||/| ||�/| |�|/|
FeO / FeOtot ���/�� ��C/�� ���/�� �C|/�� ���/�� ���/�� ���/�� ���/�� �C�/�� C��/�� ���/�� C��/�� C��/��
Fe2O3 / calc |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/|
MnO |�|/� ���/� �C�/� ���/� �|C/� ��C/C ���/� ���/� |��/� ���/C ���/� |��/� ���/�
(Mn2O3) |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/|
MgO |��/� ���/� ���/� ���/� |�|/� ��|/� |��/� |��/� |��/� ||�/� |��/� |��/� |�C/�
CaO ��C/� ��|/� ���/� ���/� �C�/� ���/� ���/� ���/� ���/� C��/� �C�/� ���/� ���/�
Si(vi) |||/| |||/| |||/| |||/| |||/| |||/| ||�/| |||/| |||/| |||/| |||/| |||/| |||/|
Si(iv) ���/� ���/� ���/� ���/� ���/� ���/� |||/� ���/� ���/� ��|/� ���/� ���/� ���/�
Ti ||C/| ||�/| |||/| ||�/| ||�/| ||�/| ||C/| ||�/| ||�/| ||�/| ||�/| ||�/| ||�/|
Al(iv) |��/| |��/| |��/| |��/| |��/| ||�/| |||/| |��/| |�C/| |�|/| |��/| ||�/| |��/|
Al(vi) ��C/� ���/� ���/� ���/� �C�/� ���/� ���/� ���/� ��|/� ���/� �C�/� ���/� ���/�
Cr ||�/| ||�/| ||�/| |||/| ||�/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| ||�/|
Fe2+ (vi) |||/| |||/| |||/| |||/| |||/| |||/| ||C/| |||/| |||/| |||/| |||/| ||C/| |||/|
Fe2+(dodecahedral) ���/� ��|/� ���/� ���/� ���/� ���/� ��|/� ���/� ���/� ��|/� ���/� ���/� ��C/�
Fe3+ |�C/| |��/| |��/| �|�/| |��/| |��/| ||C/| |��/| |��/| |C|/| |��/| |�C/| |��/|
Mn2+ ���/| ���/| C||/| C��/| C��/| ���/| ���/| C|�/| C��/| ���/| C��/| C��/| C��/|
Mg(Vi) |||/| |||/| |||/| |||/| |||/| |||/| ||�/| |||/| |||/| |||/| |||/| |||/| |||/|
Mg(dodecahedral) ��|/| �C�/| ���/| ��C/| ���/| �C�/| ���/| ���/| ���/| ���/| ���/| ���/| ���/|
Ca ���/| �C�/| ���/| ���/| ���/| ���/| ���/| ���/| ��C/| ���/| ��|/| ��|/| ���/|
Na |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/| |||/|

U���*�"� {Ca3}[Cr2](Si3)O12 |C/|% ��/|% |�/|% -- |�/|% -- |�/|% ||/|% -- -- -- |�/|% |�/|%

G!(���d=*{Mn3}[Al2](Si3)O12 ��/��% ��/��% �C/��% ��/��% ��/��% ��/�% ��/��% C�/��% ��/��% ��/�|% �C/�C% ��/��% ��/�C%

c�+!�{Mg3}[Al2](Si3)O12 |�/C% ��/C% ��/C% C�/C% ��/C% ��/C% |�/C% ��/C% �|/C% |�/C% ��/C% ��/C% ��/C%

G�6��.�%{Fe3}[Al2](Si3)O12 ��/��% ��/�|% ��/�|% |�/��% ��/��% ��/��% |�/��% ��/��% ��/��% ��/�|% ��/��% ��/��% �C/��%

�g"=�+1{Ca3}[Al2](Si3)O12 ��/��% �C/��% ��/�|% ��/��% ��/��% ��/�|% �|/��% ��/�|% ��/�|% |�/��% |�/�|% ��/��% ��/�|%


��*�6�%{Ca3}[Fe2](Si3)O12 -- -- -- ��/�% C�/�% ��/�% ��/|% �C/�% �C/�% ��/� �|/�|% �|/�% ��/|%


!�"��"'=*Al{Ca3}[Ti2](SiAl2)O12 �|/|% |�/|% |�/|% |�/|% ��/|% �|/|% -- |C/|% ��/|% |�/|% ��/|% ��/|% ��/|%

!P"(".��"�6 {Mg3}[SiMg](Si3)O12 -- -- -- -- -- -- ��/|% -- -- -- -- ��/|% -- 


���Q�� -- -- -- -- -- -- ��/|% -- -- -- -- -- -- 

XAlm ���/| ���/| ���/| ���/| ��C/| ���/| ��|/| �||/| ���/| �|�/| ���/| ��|/| ���/|
XPrp |C|/| |C�/| |C�/| |C�/| |C�/| |C�/| |C�/| |CC/| |C�/| |C�/| |C�/| |C�/| |C�/|
XSps ���/| ��|/| ��C/| ���/| ���/| |��/| ���/| ���/| �C|/| �|�/| �C�/| ���/| �CC/|
XGrs ��C/| ���/| �|�/| ��|/| �|�/| ���/| ���/| ���/| ���/| �CC/| ���/| ��|/| ���/|
Fe/(Fe+Mg) ���/| ���/| ��|/| ���/| ���/| ���/| ���/| ���/| ���/| ���/| ���/| ��C/| ��C/|
Mg ≠ |��/| |��/| |�|/| |��/| |��/| |��/| |��/| |��/| |��/| |��/| |��/| |��/| |��/|
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B�6^@�S�� ��O4( ���J� Z�=*+/ I% 5��J<�= B"�+� �#=�7� �- B"#!$�% 5*13eCNK _^+� p�� E* H��$J=* �/ �]@m[
=* H6, >�4�*
H�� I% ����� 5�a3* 
!��?� � 560/.

��".� H��., �� �� �� �C �� �� �� �� �� �|
[SiO2 ��/C� ��/C� ��/C� ��/C� ��/C� ��/C� C�/C� |�/CC �C/C� ��/C�
TiO2 ��/| C�/| C�/| ��/| ��/| C|/| ��/| C�/| C�/| ��/|
Al2O3 ��/�� ��/�� ��/�� ��/�� ��/�C ��/�C ��/�� ��/�� ��/�� ��/��

FeO(Total) ��/�� ��/�� C�/�� ��/�� ��/�� �|/�| ��/�� CC/�� ��/�� �|/��
MnO ��/| ��/| ��/| ��/| ��/| ��/| �|/| ��/| ��/| ��/|
MgO ��/� �C/� ��/� ��/� ��/� ��/� ��/� �C/� C�/� ��/�
CaO �|/�| ��/�� C�/�� ��/�� ��/�� ��/�� ��/�� �C/�� ��/�� ��/��
Na2O ��/| �|/| �C/| �C/| �|/| ��/| ��/| ��/| ��/| ��/|
K2O ��/| ��/| ��/| �C/| ��/| ��/| �|/| ��/| ��/| ��/|

F |�/| |�/| �C/| �C/| ||/| ��/| ��/| |�/| ��/| ��/|
Cl |C/| |�/| |�/| |�/| ||/| ||/| ||/| ||/| ||/| ||/|

O=F,Cl |�/| |�/| |�/| |�/| ||/| |�/| |�/| |�/| |�/| |�/|
b".4�(wt%)a] C�/�� ��/�� ��/�� �|/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/��

[Si C�/� ��/� ��/� ��/� ��/� �|/� ��/� ��/� ��/� �C/�
Ti |C/| |�/| |�/| |C/| |�/| |�/| |C/| |�/| |�/| |C/|
Al |�/� ��/� C�/� C�/� �C/� ��/� C�/� C�/� C|/� C�/�

Fe2+ ��/� �|/� C�/� ��/� C�/� ��/� ��/� C�/� �C/� C�/�
Mn |C/| |C/| |C/| |�/| |�/| |�/| |�/| |�/| |C/| |�/|
Mg C�/� C�/� �|/� C�/� C�/� C|/� C�/� �|/� C�/� C�/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� �C/� �|/� ��/� ��/�
Na ��/| ��/| ��/| ��/| ��/| ��/| �|/| ��/| ��/| ��/|
K |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |C/|

b".4� (apfu)a] ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �C/�� ��/�� ��/�� ��/��
[Si C�/� ��/� ��/� ��/� ��/� �|/� ��/� ��/� ��/� �C/�

Al(IV) �C/� �C/� C�/� �C/� ��/� C|/� ��/� ��/� �C/� ��/�
b".4� (apfu)]T-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�

[Al(VI) C�/� |�/� |�/� ��/� ��/� ��/� |�/� ��/� |�/� |�/�
Ti |C/| |�/| |�/| |C/| |�/| |�/| |C/| |�/| |�/| |C/|

Mg C�/� C�/� �|/� C�/� C�/� C|/� C�/� �|/� C�/� C�/�
Fe2+ ||/� C|/� ��/� ��/� ��/� CC/� C�/� ��/� C�/� ��/�
Mn ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/|

b".4� (apfu)]C-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�
[Mn |C/| |C/| |C/| |�/| |�/| |�/| |�/| |�/| |C/| |�/|
Fe2+ ��/| �|/| |�/| �C/| �C/| ��/| ��/| ��/| ��/| |�/|
Ca ��/� ��/� ��/� ��/� ��/� ��/� �C/� �|/� ��/� ��/�
Na ��/| |�/| ||/| |�/| |�/| |�/| |�/| |�/| |�/| |�/|

Total(apfu)]B-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�
[Na ��/| ��/| ��/| �C/| ��/| ��/| ��/| ��/| ��/| ��/|
K |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |C/|

Total(apfu)]A-site(a) ��/| ��/| ��/| ��/| ��/| ��/| �C/| ��/| ��/| ��/|
[F |�/| |�/| |�/| |�/| ||/| |�/| |�/| |�/| |�/| |�/|
Cl |�/| ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/|
OH ��/� ��/� ��/� ��/� ||/� ��/� ��/� ��/� ��/� ��/�

Total]OH-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�
[Si ��/� �|/� ��/� �|/� ��/� ��/� ��/� ��/� �|/� ��/�

Al(IV) ��/� C|/� C�/� C|/� C�/� C�/� CC/� C�/� C|/� C�/�
Total(apfu)]T-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�

[Al(VI) ��/� ��/| ��/| |�/� |�/� |�/� |�/� |�/� ��/| |�/�
Ti |C/| |�/| |�/| |C/| |�/| |�/| |C/| |�/| |�/| |C/|

Fe3+ ��/| C�/| C�/| C�/| C�/| CC/| C�/| C�/| C�/| ��/|
Mg C�/� C�/� C�/� C�/� C�/� ��/� C�/� C�/� C�/� C�/�
Mn |C/| |C/| |C/| |�/| |�/| |�/| |�/| |�/| |C/| |�/|

Fe2+ �C/� |�/� |C/� ��/� �C/� |�/� |�/� ||/� |�/� |�/�
Total(apfu)]M1,2,3-sites(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�

[Fe2+ |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| ||/|
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Na ��/| ��/| ��/| ��/| ��/| �|/| ��/| ��/| ��/| �C/|

Total(apfu)]M4-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�
[Na ||/| |�/| |�/| ||/| ||/| |�/| |C/| |�/| |�/| |�/|
K |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |C/|

Total(apfu)]A-site(a) |�/| |�/| ��/| |�/| |�/| ��/| �|/| |�/| |�/| |�/|
[F |�/| |�/| |�/| |�/| ||/| |�/| |�/| |�/| |�/| |�/|
Cl |�/| ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/| ||/|
OH ��/� ��/� ��/� ��/� ||/� ��/� ��/� ��/� ��/� ��/�

Total]OH-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�
[Total Cations](a) |�/�� |�/�� ��/�� |�/�� |�/�� ��/�� �|/�� |�/�� |�/�� |�/��

[Fe2O3(calc) ��/� ��/� ��/� |�/C ��/C ��/� �|/� ��/� �C/� �|/�
FeO(calc) |�/�� �C/�� ��/�� |�/�� ��/�� �|/�� ��/�� ��/�� C�/�� ��/��
H2O(calc) ||/� ��/� �|/� �|/� ��/� ��/� ��/� ��/� ��/� ��/�
Total](a) ��/�� ��/�� �C/�� ��/�� ��/�� ��/�� ��/�� ||/�� ��/�� �C/��

[Cation Charge](a) |�/C� ||/C� ||/C� |�/C� |�/C� ||/C� ||/C� ||/C� ||/C� ||/C�
[Si C�/� ��/� ��/� ��/� ��/� �|/� ��/� ��/� ��/� �C/�

Al(IV) �C/� �C/� C�/� �C/� ��/� C|/� ��/� ��/� �C/� ��/�
Total(apfu)]T-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�

[Al(VI) C�/� |�/� |�/� ��/� ��/� ��/� |�/� ��/� |�/� |�/�
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6;^��H��., �C�I�J��E ���� 
!�"#!$�% &!'�( )�*+, � ���- �.!, 5�� . . .���

B�6^ ��*�*@�S�� ��O4( ���J�H�� �5��J<�= B"�+� �#=�7� �B"#!$�% 5* I% ����� 5�a3* 
!��?� � 560/.
Sample No �� �� �� �C �� �� �� �� �� �| 

Ti |C/| |�/| |�/| |C/| |�/| |�/| |C/| |�/| |�/| |C/|

Mg C�/� C�/� �|/� C�/� C�/� C|/� C�/� �|/� C�/� C�/�

Fe2+ ||/� C|/� ��/� ��/� ��/� CC/� C�/� ��/� C�/� ��/�

Total(apfu)]C
-site(a) ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�

[FM ��/| ��/| ��/| ��/| ��/| ��/| ��/| �C/| �C/| ��/|

Ca ��/� ��/� ��/� ��/� ��/� ��/� �C/� �|/� ��/� ��/�

Na �C/| |C/| ||/| |�/| |�/| |�/| |�/| |�/| |�/| |�/|

Total(apfu)]B
-site(a) 

||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/� ||/�

Na |�/| ��/| ��/| ��/| ��/| �|/| ��/| ��/| ��/| ��/|

K |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |�/| |C/|

Total(apfu)]A
-site(a) �C/| ��/| �C/| ��/| ��/| ��/| ��/| �|/| ��/| ��/|

[Amphibole 
Groups] 

Calcic 
amphibole Calcic amphibole Calcic 

amphibole Calcic amphibole Calcic amphibole Calcic 
amphibole Calcic amphibole Calcic amphibole Calcic amphibole Calcic amphibole

[Calcic 
Amphibole 
Names]

Ferrotschermakit
e Ferrohornblende Ferrohornblende Ferrohornblende Ferrohornblende Ferrohornblen

de Ferrohornblende Ferrohornblende Ferrohornblende Ferrohornblende 

Species 
(Locock, 
2012)

tschermakite ferro-tschermakite ferro-
tschermakite 

ferro-
tschermakite ferro-tschermakite ferro-

hornblende ferro-tschermakite ferro-tschermakite ferro-tschermakite ferro-hornblende 

Formula 
(Locock, 2012) 

(K0.052)Σ0.052 
(Ca1.605Na0.231)Σ
1.836 
(Mg1.466Feii1.375
Al1.31FeIII0.777Ti
0.036Mnii0.036)Σ5
(Si6.347Al1.653)Σ8
O22 
((OH)1.967F0.023C
l0.01)Σ2

(K0.051Na0.012)Σ0.0
63
(Ca1.808Na0.192)Σ2
(Feii2Mg1.472Al0.96
FeIII0.472Ti0.053Mni
i0.04Ni0.004)Σ5.001 
(Si6.591Al1.409)Σ8
O22 
((OH)1.986F0.011Cl0.
003)Σ2

(K0.054Na0.043)Σ0
.097 
(Ca1.856Na0.144)Σ
2
(Feii2.005Mg1.482
Al0.97FeIII0.451Ti
0.053Mnii0.039)Σ5
(Si6.52Al1.48)Σ8
O22 
((OH)1.934F0.064C
l0.002)Σ2

(K0.046)Σ0.046 
(Ca1.785Na0.158)Σ
1.943 
(Feii1.895Mg1.467
Al0.998FeIII0.576Ti
0.035Mnii0.029)Σ5
(Si6.581Al1.419)Σ8
O22 
((OH)1.931F0.064Cl
0.005)Σ2

(K0.047)Σ0.047 
(Ca1.787Na0.145)Σ1.9
32
(Feii1.843Mg1.462Al1.
042FeIII0.592Ti0.032
Mnii0.028Ni0.001)Σ5
(Si6.537Al1.463)Σ8
O22 
((OH)1.999Cl0.001)Σ2

(K0.026)Σ0.026 
(Ca0.777Na0.11)
Σ0.887 
(Feii1.107Al1.09
1Mg0.607Ti0.02
Mnii0.015)Σ2.84 
(Si9.376)Σ9.376 
O22 
((OH)1.963F0.03
6)Σ1.999 

(K0.058Na0.018)Σ0.07
6 (Ca1.819Na0.181)Σ2
(Feii2.047Mg1.419Al0.
998FeIII0.468Ti0.042
Mnii0.025Ni0.001)Σ5
(Si6.554Al1.446)Σ8
O22 
((OH)1.947F0.053)Σ2

(K0.049)Σ0.049 
(Ca1.784Na0.211)Σ1.99
5
(Feii1.95Mg1.48Al1.01
1FeIII0.481Ti0.048Mnii
0.029Ni0.002)Σ5.001 
(Si6.584Al1.416)Σ8
O22 
((OH)1.979F0.021)Σ2

(K0.049Na0.002)Σ0.0
51 (Ca1.81Na0.19)Σ2
(Feii2.005Mg1.45Al0
.958FeIII0.503Ti0.04
6Mnii0.037)Σ4.999 
(Si6.585Al1.415)Σ8
O22 
((OH)1.924F0.075Cl
0.001)Σ2

(Na0.045K0.044)Σ0.0
89
(Ca1.861Na0.139)Σ2
(Feii2.074Mg1.465Al
1.015FeIII0.37Ti0.04
2Mnii0.033)Σ4.999 
(Si6.582Al1.418)Σ8
O22 
((OH)1.926F0.074)Σ2

[T(oC) 
Otten,1984] ��/���  C�/�|�  ��/�|�  ��/���  ||/��C  ��/���  ��/���  ��/�|�  C�/�|�  ��/���  

[P(kbar)Ham
mastrom and 
Zen, 1986]

�C/��  ��/� ��/� ��/� ��/� ��/� �|/� C�/� ��/� C�/�

[P(kbar) 
Hollister et 
al., 1987]

�C/��  �C/� ��/� |�/� ��/� CC/� ��/� |�/� ��/� |�/�

[P(kbar) 
Johnson and 
Rutherford, 

��/� ��/� |�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

[P(kbar)Tho
mas and 
Ernst, 1990]

��/� ��/� ��/� �C/� ��/� ��/� ��/� ��/� ��/� ��/�

[P(kbar) 
Schmidt, 
1992]

�C/��  ��/� ��/� �C/� |�/� ��/� �C/� ��/� C�/� ��/�

[P(kbar) 
Ague, 1997] ��/� |�/� ��/� ��/� ��/� ��/� �C/� ��/� |�/� ��/�

[P(kbar) 
Ernst and 
Lui,1998]

C�/��  ��/�C  ��/�C  ��/��  ��/��  ��/��  �|/�C  C�/��  ��/�C  ��/�C  

[P(MPa) 
Larocque and 
Canil, 2010]

��/�CC�  ��/����  ��/����  C�/���|  C�/����  ��/����  ��/����  |�/����  ��/����  C�/���|  

[P(MPa) 
Krawczynski 
et al., 2012]

��/�C��  |�/����  ��/����  ��/����  ��/����  ��/����  ��/����  ��/��|�  �|/����  ��/���C  

[P(kbar) 
Putrika, 
2016]

��/��  �C/� �C/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

[P(kbar) 
Mutch et al., 
2016]

C�/�|  ��/� �C/� �|/� ��/� ��/� ��/� ��/� ��/� ��/�

T(oC)Gerya 
et al., 1997 �/���  �/���  |/���  �/���  �/���  �/��C  �/��|  �/��C  �/���  �/���  

P(kbar) 
Gerya et al., 
1997

�|/� ��/� CC/� C�/� ��/� �C/� C�/� ��/� ��/� ��/�

Fe3+/∑Fe ���/| ���/| ���/| ���/| ���/| ��C/| ���/| ���/| ���/| �C�/|

Fe/(Fe+Mg) �|/| ��/| ��/| ��/| ��/| ��/| �C/| ��/| ��/| ��/|
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&',kB"#!$�% �#!-+( 5��E+���".� [�.!�;- 5�� 6��*� �*+R 
!-��+M �� +J�!/ 
!�"#!$�% 
���1 �� B"#!$�% 5��)_^+� E* �J�+1+/]Al[.( 


!("!/H6, �J�+;- 5�� 
H�*� ���J��S�� 5��5*
!("!/ ���!.!, �!-+( �J�+;- 5��

 B�6^ �� H6,AH6, �P*�* 6�* .I�0M �-�� H6���", b".4� �
E* +J.- ��6!�-* &-%mkFmn)T% GJ�+1 +���� I�6/ (�

�*6��K2OE* +J.- O!�q
=* 6Y�� .5��6!�-* &- b".4�
 �/ 
�+;- �� �"^"�O^E* +J.- T%qm6Y��
=* .G�*+/�0/


!("!/- ��H6, �J�+;6�* .�/*
�+;- �.!, &!�� G� H��$J=* �/
 �*O�* >+� E*WinCcac ]9k[���� +/9LI�!�-*H�� � 560/
 6, �=�+/)B�6^A.(

�/ �^"( �/ B�6^A�
�+;- H�+1 �� ��I6��*� �*+R .��

�+;- �W0= H6�E�= 5��Mg, Fe �Al I"!(�- �;Y* 5��

��^� 
�� o�*O�* � 60J��Al ;`*�o�*O�* �/�4!�( )□(
�� ��*+.�
�+;- G�*+/�0/ ��", H�+1 5��II% 60J�� ����

 5*�*� �-XMg+XFe(tot)≥ XAl+X□)XX(* �*6?( 6:*� �� ��

=* ��"�+� (60,�/]An[��Z�=* G�* +/ 
�+;- �"�!1 5��

 ��H+J�1 X!0!�"�% � G�% �*+R �*�6��*� )&',u��*.(���% +/
�*�".� Z�=* XMg-VIR3+]Ak[�*�".� ������= 6�7J�R2+-

Si ]Au[H�+1+�E ���=F
�� �=��^� )&',�T(�>�� �/ 

�E"��, ]Au �Aq[H���� 560/6�", 
�+;- �b"� 5��IE*

!;��J� �/ � 60J�� G!��� ���� 5��Bt+Grt � G!��� 5��� ��

 �/Bt+Grt+St 60J�� 
��O.� 
!�"#!$�% H���<� ��]An[.

���F�40= ���� 
��� )�*+,F��� G!�E �;!="/ ��"1+1� ���� F�0=���� 5��

H6, �#=�7� >"=+�6�* .� 
���1 �J��O.� �"^� �/ �40�* ��
H�*� �-�4�% E* �
!("!/ 
�+;- �/ *� I% �0�OK��^ 
!("!/ 5��

�� 6!��( 
!("!/ p�� E* �60-–
���1]AmFLL[�.� I*"(
�+- H��$J=* .G�*+/�0/p�� E* �40�* ��6, H��$J=* +K�� 5��.


���1 p��–B"#!$�% 
B��#(Fe-Mg 60;#��"� G!/FG!�E >�4�* 5*+/ 
���1

 _^+� 5�� H�*� )="( �40=���]Ln[6, H+#!��-)_/�(9.(
��6: +�E 5����� 5*+/ �0=��� G!�E G�* oCqnl 5*+/ �

W0= E* +!�� 
���1 �/ 5��Mn �- ��".?� 60;#��"� ��"S/
H�+J�1 G!��� 
!��?� �� �(��$J� �.!, �/ 5*O2I"1+1�

����*� �+/��- ��", .B��� � >��*+1]Ln[G!�E 5*+/ *� +�E _/�(
 60;#��"� �0=���–6��+- H��$J=* 
���1:

T (K) = (2880+(3280*XCa, Grt))/LnKD+2.426 (9)
��S/*� G�* ��KD_�E"( ��+~Fe-Mg U�"Y �/ �- 
=* 
�� 
=6/ +�E6�%:

KD= (XFe, Grt/XMg, Grt)/ (XFe, Hb/XMg, Hb) )@(
B"#!$�% � 
���1 �Z�=* G�*+/ X� ��0- 5��)
��O.� (�

>+� E* � 6�6, T��J�* �'!��0��"�+( B��?( �/ N��O� �*O�*
GTB 6, H��$J=* ��� �#=�7� 5*+/ .�J�� 5*+/ �Z�=* G�* +/

"#!$�% � 
���1 5��� BoCqk/n@L ���- G�* �#� 5*+/ ����
 5���oCq9/Lq9 6�% 
=6/ .o0-*� H+J�1 �� ��� G�*

And=Ky ��*� �*+R .
!;��J� �� �- ���: �� �3".4� 5��
 �/ 
�E"�*6�% �J���60M &�6#( 
;?/ �"�!1 ��"1+1�

�.� ����� H+J�1 G�* �
!��.!;!= *+�E �6,�/ B"#R &/�R 6�*"(
$1 �- I�0M 
���1 �� � 
=g�/ 
���1 G!(���d=* �*6�� 6, �J

 �/ 
!-��+M�+� �/ 
��O.�nq/9k) %9kq/l=XSps(�� �6=� .

!�"#!$�% �� G!0t.� 
!��J!( 5�*6�� ���)G$=* (
!(�.� �

�� H6��I��� �- �", I�!�-* �16�O�+1 H60��(fo2) 
=g�/
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6;^��H��., �C�I�J��E ���� 
!�"#!$�% &!'�( )�*+, � ���- �.!, 5�� . . .���

]@q �Lk[.1 �'��O� �� U�6!�* �"a: �G�* +/ I�O�* 
���

!�"#!$�%I��� *+7Y �� ��
=g�/ I�!�-* �16�O�+1 H60�� .

+��/ E* +J.- I�!�-* �16�O�+1 �+K�� I�!/ �/)O(�*"- F
!�����F

!J0K�QFM ( 
�!�]@q[.

G'.� g�/ p�� �� �/ �40=��� G!�E �6, H��,* �- I�0M
G!�E 5*+/ �t�% G�*+/�0/ �
�!� 6��/ 
=* E�!� �40=���

= E* &�J�����- +��6,�/ �� .G�* E* B"#!$�% �40=��� p�� ��
�� H�*� i!~"( +�E �� �-
�� ��- �/ �",.

B�6^A�S�� ��O4( ���J�
!("!/ 5*H�� H*+.� �/ 5��J<�= 6:*� B"�+� G!!?( � H6, �J�+;- 5��560/ 
��".� H��., �� �� �C �� ��
(%)[SiO2 ��/�| �|/�� ��/�� ��/�� |�/��
TiO2 |�/| |�/| |�/| �|/| |�/|
Al2O3 ��/�� ��/�� ��/�� ��/�� �C/��
FeO ��/�� ��/�� ��/�� ��/�� ��/��
MnO ��/| ��/| ��/| ��/| ��/|
MgO �|/� ��/�| ��/�| ��/� �C/��
CaO �C/| ��/| �|/| ��/� ��/|
Na2O |�/| |�/| �|/| ��/| |�/|
K2O ��/| ��/| �|/| ��/� ��/|
F |C/| ||/| ||/| ||/| ||/|
Cl |�/| |�/| |C/| |�/| |�/|
O=F |�/| ||/| ||/| ||/| ||/|
O=Cl |�/| ||/| |�/| |�/| ||/|
b".4� (%) |�/�C �|/�� |�/�� ��/�| ��/��
[H2O(c) ��/�| �C/�| ��/�| �|/�| ��/��
FeO(c)](%) ||/| ll/l ||/| ||/| ||/|
(apfu)[Si �|/� ��/� ��/� ��/� ��/�
Ti ||/| ||/| ||/| |�/| |�/|
Al ��/� ��/� �C/� C|/� ��/�
Fe(2+) �C/� C�/� ��/� ��/� ��/�
Mn |�/| |�/| |�/| |�/| |�/|
Ni ||/| ||/| ||/| ||/| ||/|
Mg ��/� ��/� ��/� ��/� ��/�
Ca �|/| |�/| |�/| ��/| |�/|
Na |�/| |�/| |�/| |�/| |�/|
K |�/| |C/| |�/| �|/| ��/|
F |�/| ||/| ||/| ||/| ||/|
Cl ||/| ||/| |�/| |�/| ||/|
OH](apfu) ��/� ||/� ��/� ��/� ||/�
[Si �|/� ��/� ��/� ��/� ��/�
Al(IV) �|/| ��/| ��/| ��/| ��/|
b".4�]��^���M ||/C ||/C ||/C ||/C ||/C
[Al(VI) ��/� C�/� C�/� ��/� ��/�
Ti ||/| ||/| ||/| |�/| |�/|
Fe2+ �C/� C�/� ��/� ��/� ��/�
Mn |�/| |�/| |�/| |�/| |�/|
Ni ||/| ||/| ||/| ||/| ||/|
Mg ��/� ��/� ��/� ��/� ��/�
b".4�]��^� 
�� C�/� ��/� �|/� �|/� C�/�
[��^� 
�� 5�4!�(] ��/| ��/| C|/| �|/| ��/|
[Ca �|/| |�/| |�/| ��/| |�/|
Na |�/| |�/| |�/| |�/| |�/|
K |�/| |C/| |�/| �|/| ��/|
b".4�] �C/| ��/| ��/| C�/| ��/|
[OH ��/� ||/� ��/� ��/� ||/�
F |�/| ||/| ||/| ||/| ||/|
Cl ||/| ||/| |�/| |�/| ||/|
b".4�] ||/� ||/� ||/� ||/� ||/�
[Si(T1) ��/� ��/� ��/� ��/� ��/�
Al(T1) �|/| ��/| ��/| ��/| ��/|
Si(T2) �|/| ��/| ��/| ��/| ��/|
Al(T2) ��/� C�/� C�/� ��/� ��/�
Mg(M1+M4) �C/| ||/� |�/� �C/| ��/�
Fe(M1+M4) ��/� C�/� ��/� ��/� ��/�
Al(M1+M4) �|/| ��/| ��/| ��/| ��/|
�4!�((M1+M4) C�/| ��/| ��/| C�/| C�/|
Mg(M2+M3) �C/| �|/| ��/| �C/| ��/|
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*+/* �>�.� ��4;< 56.:* �6.7��"��;!?.=* ��.!��#=�.�D �I*+�* �=�0, ���- � �=�0,�";/ �;4� 

��*�* B�6^A�S�� ��O4( ���J�
!("!/ 5*H�� H*+.� �/ 5��J<�= 6:*� B"�+� G!!?( � H6, �J�+;- 5��560/ 
��".� H��., �� �� �C �� �� 

Fe(M2+M3) ��/| |�/� ��/| ��/| �|/|
Al(M2+M3)] C�/| ��/| ��/| C�/| C�/|

[XSi,tet ��/| ��/| ��/| �C/| ��/|
XAl,tet ��/| C�/| CC/| ��/| ��/|

XTotal,tet] ||/� ||/� ||/� ||/� ||/�
[XAl,oct ��/| �C/| �C/| ��/| ��/|
XMg,oct ��/| ��/| ��/| �|/| ��/|
XFe,oct ��/| C�/| C|/| ��/| ��/|

XVacancy,oct |�/| |�/| |�/| ��/| �|/|
XTotal,oct] ||/� ||/� ||/� ||/� ||/�
[XSi(T2) �|/| �|/| �|/| �|/| �|/|
XAl(T2) �|/| �|/| �|/| �|/| �|/|

XFe(M2M3) C�/| ��/| ��/| �|/| C�/|
XMg(M2M3) ��/| ��/| ��/| ��/| ��/|
XAl(M2M3) ��/| ��/| ��/| ��/| �|/|

XFe(M1) ��/| CC/| CC/| ��/| ��/|
XMg(M1) ��/| ��/| ��/| �|/| ��/|

XVacancy(M1)] ��/| ��/| ��/| CC/| ��/|
[Si �|/� ��/� ��/� ��/� ��/�

Fe/(Fe+Mg) �|/| ��/| ��/| ��/| ��/|
Fe(total) �C/� C�/� ��/� ��/� ��/�

(Al+Mg+Fe) �C/� C�/� C�/� ��/� |�/�
(XMg+XFe) ��/� ��/C ��/C �C/� �C/�

Octahedral occupancy C�/� ��/� �|/� �|/� C�/�
Vacancy ��/| ��/| C|/| �|/| ��/|

(XAl+XVacancy) ��/� ��/� ��/� ��/� ��/�
(Fe2+Mg) ��/� ��/C ��/C �C/� �C/�

R2+ �C/� �|/C �C/C ��/� ��/�
R3+] ��/� C�/� C�/� ��/� ��/�

[Al/(Al+Mg+Fe2+) ��/| ��/| ��/| C�/| ��/|
Mg/(Mg+Fe2+) C|/| C�/| C�/| ��/| C�/|

Na+K+2Ca �C/| ��/| ��/| ��/| ��/|
AlVI+Fe2+ ��/� ��/� �C/� ��/� ��/�

AlVI+Mg+Fe2+ CC/� �|/� ��/� |�/� ��/�
AlVI/(Si+AlIV)] ��/| ��/| ��/| ��/| ��/|

%[Al-chl C�/�|  C�/�|  ||/��  ��/��  ��/�|  

Fe-chl C�/�|  |�/C�  �C/C�  ��/��  ��/C�  

Mg-chl] �|/��  C�/�|  |�/��  ��/��  C�/�C  

%[Clinochlore ��/C|  ��/C|  ��/C�  ��/��  |�/C�  

Chamosite ��/��  �C/��  ��/��  ��/�C  ��/��  

Pennantite] ��/| �|/| C�/| ��/| ��/|
[Subgroup(R) tri-tri tri-tri tri-tri tri-tri tri-tri 

Subgroup(Vacancy) tri-tri tri-tri tri-tri tri-tri tri-tri 

Type] Type-I Type-I Type-I Type-I Type-I 

_^+� 5�� ��".�]An[ Fe chlorite Fe chlorite Fe chlorite Al chlorite Al chlorite 

_^+� 5�� ��".�]��[ Chamosite Chamosite Chamosite Chamosite Chamosite 

".� _^+� 5�� ��]Aq[ Chamosite Chamosite Chamosite Chamosite Chamosite 

o���� G�* 5�� ��".� Chamosite Chamosite Chamosite Chamosite Chamosite 
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6;^��H��., �C�I�J��E ���� 
!�"#!$�% &!'�( )�*+, � ���- �.!, 5�� . . .���

&',u��* (�*�".�Mg-Fe-(Al+�)��".� I% Z�=*+/ �- H�+1 �� �"�!1 ]
�+;- 5��I6��*� �*+R)_^+� E* �J�+1+/]AL[.(T(�*�".�–�/ �-
��".� �I% �/ �^"( �"�!1 ]
�+;- 5���= H�+1+�E �� F6��*� �*+R ��^� 
�� �=)_^+� E* �J�+1+/]Ak[.( 

B"#!$�% �40=��� p�� 
I*+K����� �<+/ p�*O1 �/]Lu�Lq[��*6��Ti �/6,U�/

����� o�*O�*6/�� 
=* &- W0= �!-+( E* &�J�� �.G�*+/�0/
I�'�* 6��/ �*6�� E* H��$J=*Ti �J,*� �"^� �0=��� I*"03 �/

6,�/.�J#�* ��*� �16!t!� 60M ��'0�*�*+�E �*6��Ti G'.�
 &�*"3 �/ �J�/*� 
=* 5+K��6,�/ .o�*O�*�16�O�+1 I�!�-*

 +��/ E*QFM +��/ �/MH )
!J0K�F
!(�.� (�*6�� U6, �/
Ti �� o��- *� 60;#��"�6�� .G!0t.� "!�� 
���* ���/ �/ 

]Lq[�*6��Ti B"#!$�% X!�;- �� ���� E* &�J�� ��#�+�( ��

=* .�*6�� G�*+/�0/Ti E* +(g�/oCnll �0=��� N� �� I���

 I�"/ B";7� H60��Ti !�;- B"#!$�% ���.
=*]Lq[.
&', Z�=*+/q��16�O�+1 
!�"#!$�% 
���1 �� I�!�-* �� ��

��*� �*+R )="J� iS= ]Lm[�E+� �/ ��*�16�O�+1 G!��� iS=

=* N��O� ./I�!/ �+K���I�0M �-
!.=* � G=�6�*]Lm[
H�*� ���0�!�6�*�
#��Fe/(Fe+Mg) G!/kn/lFkl/l
=*�

G�*+/�0/ ��".� +��/ +/ 
!�"#!$�% 
���1 5��QFM �.- �
6��*� �*+R I% E* +(g�/ .�-�4�% E* +��/ �/ I�"/ N��O�QFM *+j

�*6�� +/ �.-Ti ��*�]nl.[���*6�� �40=��� E* I*"(Ti ��
+��/ �/ I�"/ N��O� �/ �^"( �/ B"#!$�%QFM �+- H��$J=* .

G(�*]nl[H�*� E* H��$J=* �/5�� _^+� ]Lu[��S/*� �0=���
 �/+4( �.!�Ti �!-+( G!K��!� �/ *� B"#!$�% ��5�� B"#!$�%

 �
=* o�/ �� &��, �-
=� �/ ���%:
[T]O84(oC) = 273*(Ti/23O) + 877:T>970 oC )A(5*+/  
[T]O84(oC) = 1204*(Ti/23O) + 545:T<970oC )L(5*+/  

g�/ _/�( �� �-�Ti/23 OI"!(�-�*6��5�� Ti )��:+/ apfu (
!�;- B"#!$�% ��
=* �. ����+/ ��"�+� 6:*� �� �-@A

6,�/ H6, �#=�7� I�!�-* .40=��� Z�=* +/�%B"#!$�]nl[
>+� E* H��$J=* �/ �- �*O�*WinAmptb ]9u[5��� �6, >�4�*

oCklmFnqL 6�% 
=6/.
I*��'.� � ��+1]n9[�KJ�/*�Si �3".4� �� *� ��� �/ -

�O(�*"- � Es-"�Qs� 5*�*� 5��H�+- G!!?( H�*� �/ �5��
E* �/+4( _^+� ]n@[*� +�E H6, i!78( _/�( �3".4� 5*+/

!�;- +
�+;- +
�O!P�E +O(�*"- +Es-"�Qs� +B"#!$�%
�.!�;- *�% 
=6/ 6����]nA:[

T[K] = 4701/(1.825 - 1.987ln(8/15.5 -SiAm/sumkat +
0.07531)) )n(

SiAm �sumkat �*6�� �!(+( �/Si I"!(�- b".4� ��� ��
B"�+� Z�=*+/ �- 60J�� B"#!$�% 5��J<�=9AI"!(�-

6, �#=�7�6�)B�6^@.(/G�* Z�=*+ p����� ���H+J�1 
oCA/nmk Fk/nu@ �*+R��*�.

B"#!$�% �0=���� 
Z�=* B"#!$�% �0=����Altot B"#!$�% ��"�+� ��J<�= ��
 
=*]nLFkA[.��".� �B"#!$�% 5*+/ �40=���� �/ �"�!1 5��

� E* H��$J=*p�5�� �� *� �(��$J� ��!�/ +����� �g�/H+J�1 
nn/k�(Ln/@9 �� I��� ��/";!- 6��)B�6^@(�-E* U��$J� 


!;��J� E* H6�% 
=6/ +����� �"�!1 5��)��6:kbar n/L–
q/A(
=* .I�O�* ���� +/&�*"3 5+K�� X�O!0� X- �*6�� I"M

B"#!$�% �� H6, �#=�7� ���� o�*O�* �#=",�6]Lm.[
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